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Abstract 
The paper examines properties, main characteristics and areas of application of soil-cement. The applicability of clay as a 
matrix basis of construction for a composite material is considered. 
The basis of soil-cement as a composite material is formed by such argillaceous materials as clay or sandy clay which activity 
depends on the dispersity of a medium, metal ion concentration, pH medium. Also, it is determined by the nature (genesis) of 
the clay rock, including the impurity content.  
The authors have developed and received soil-cement with the normal hardening the basis for which is formed due to the use of 
clay and copper slag. The use of soil-cement in the production of construction materials and structures enables one to guarantee 
the high technical and economic efficiency and environmental soundness of the technology which contributes to expansion of 
the raw material base in construction on the whole. The realization of such reserves of mineral raw materials is connected with 
a possibility of obtaining control over structure formation processes that can ensure sufficiently high physical and mechanical 
and strain-stress characteristics of soil-cement both for construction and reclamation of tailing dumps in eco-geology. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility ofthe organizing committee of ICIE 2016. 
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Soil-cement is a materialformed on the basis of soil and cementing materials representing such calcium 
compounds as cement, lime and gypsum.  
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The ultimate compressive strength in the soil-cement combined with lime without additives or with fly ash 
varies from 12 to 100 kgf/cm2. They tolerate from 100 to 200 cycles of standard freezing and thawing tests. 
Thesamematerialsafterdryingatatemperatureof 100…3000ɋ have the ultimate compressive strength of 400…500 
kgf/cm2and freeze-thaw resistance from 150 to 250 cycles. The ultimate compressive strength is 200…500 
kgf/cm2and the freeze-thaw resistance is 200…300 cycles in the material with slag-lime binders (in the amount of 
25% after 28 days of normal hardening). Portland cement leads to spontaneous synthesis in the mass of processing 
soil of polymineral binding substance, which is made of products of its hydration in the form of calcium silicate 
hydrates and calcium aluminate hydrates, lime hydrate and in a certain amount aluminosilicate and silicate 
combinations.  
The soil-cement also includes soil systems, stabilized by quicklime or to a different degree hydrated lime, as 
well as by lime with additives, where the lime dominates.  
The walls of one- and two-story buildings with relative air humidity of no more than 65% can be erected from 
soil-cement. The vegetable and peaty soils are not suitable for this purpose.  
As opposed to structural concrete based on Portland cement and conditioned aggregates the soil-cement in case 
of water saturation loses 40..60% of strength. Thus, it can be related to water-resistant. Besides, a change of the 
product volume in the course of its alternate watering and water saturation with further structural damage is 
possible [1-7]. 
Komokhov P.G., Svatovskaya L.B.,Komokhov A.P., Askalonov V.V., Tokin A.N., Bezruk V.M., Vilenkina 
N.M., Popov N.A. and others scholars have worked on the problem of increasing physical and mechanical and 
strain-stress characteristics of soil-cement.  
In most cases Portland cement and sometimes lime, gypsum, lime and slag binders, as well as different local 
binders, which are sufficiently airproof, are used as cementing materials for soil reinforcement (stabilization). The 
most suitable for stabilization are soils which pH value of a water extract is more than 7, for example, loess soil, 
clay sand and loam, and soils with a great number of calcium. It has been proven that in the context of particle-size 
distribution soil should have 30-75% of sand particles and 5-30% of clay particles. The sand should be added to fat 
soils for weakening. Such additives as chopped straw or boon, naphthenic soap, and calcium chloride are also 
added to soil materials [8-17]. 
It has been determined that for hardening acceleration a main active element of the structural phase of this type 
of concrete should be clay-fluorine-nepheline binding material. It affects hydration activity and structure formation 
processes of the composite material. 
There is a need for creation of water-resistant structures of soil-cement and examination of influence of 
different additives on physical and mechanical and strain-stress characteristics of soil-cement. These studies can be 
aimed at obtaining not only high-strength construction materials, but also a composite material applied in eco-
geology for increasing coating efficiency of tailing dumps during their remediation [18, 19]. 
Remediation is a package of measures for ecological and economical restoration of lands and water resources, 
which fertility as a consequence of human activities was significantly lessened. The objective of remediation is to 
improve environmental conditions and recover fertility of disturbed lands and water bodies. 
The tailing pit is hydraulic facility for receiving and storing tails [20, 21]. 
The composition and parameters of the suggested composite are specified on the basis of laboratory studies. As 
raw materials we examined: cement CEM II-32,5ɇ (Table 1), copper dump slag (Table 2) and white clay. 
Table 1. Chemical composition of cement CEM II-32,5ɇ 
Cement class 
according to 
strength 
Content of basic oxides in cement composition, mass % Loss on 
Ignition, % SiO2 Al2O3 Fe2O3 CaO MgO CaOfree SO3 
CEM II-32,5ɇ 20,5-22,3 4,9-5,3 4,4-4,7 63,2-65,8 1-2 0,5-0,7 0,4-1 2,16 
 
The laboratory studies together with a method of two-factor experiment design were conducted to make high-
strength materials.
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At the beginning of studies the raw materials were weighed in accordance with a planning matrix presented in 
Table 3. The raw materials are stirred well for 5 minutes until we get even consistency of mixtures. 
Table 2. Chemical composition of copper slag 
Type of slag Content, % 
CaO SiO2 Al2O3 MgO FeO Cu 
Dump copper Karabash 4,0 35,8 8,6 0,9 32,0 0,2 
Table 3. Matrix of two-factor experiment planning. 
ɏ1 (Cem:C) ɏ2 (S:Cem+C) 
Code value Physical value Code value Physical value 
-1 1 -1 2 
0 2,5 0 4 
1 4 1 6 
-1 1 0 4 
0 2,5 -1 2 
1 4 -1 2 
-1 1 1 6 
0 2,5 1 6 
1 4 0 4 
 
The ratio of raw components in composite mixtures is given in Table 4. 
Table 4. Ratio of raw components in composite mixtures 
No. Cem:C S:CemC No. Cem:C S:CemC
1 1:2 1:6 5 1:1 1:3 
2 1:1,33 1:3,5 6 1:1,5 1:4
3 1:1,67 1:2,67 7 1:3 1:5 
4 1:4 1:2,5 8 2:1 1:2 
 
By the end of mixing the flow of mortar mix was determined with the help of a shaker apparatus  and a metallic 
cone form. 
The fluidity (flow of mortar mixture) was determined by measuring a diameter of the obtained pat in two 
perpendicular directions. 
The increase in plasticity of the S:CemC mixture enables one to reduce a water-cement ratio. The fluidity of 
mortar mixture is presented in Table 5.  
As Tables 5, 6 show, for obtaining the workable mix on the basis of cement and clay the ratio of these 
components should be 1:1,5. 
The ratio of the planning matrix and the experiment results are presented in Table 6. 
In the mix proportions the ratio of water and the cumulative quantity of cement and clay remained 
unchangeable, therefore, plasticizing of mixtures depending on the quantity of clay was estimated. 
As the research shows, by increasing the quantity of clay there is a progressive change of the flow, however, 
this happens until a certain optimum, after which the flow diameter starts slowly decreasing. It’s explained by a 
fine-dispersed laminated structure of clay, which has a high water-holding capacity, i.e. a growth of the mixture 
viscosity happens. In order to get a plastic mix the ratio (S:Cem+C) should be 1:3 and the ratio of clay and cement 
in this mix should be 1:1.   
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As Tables 7, 8 show, samples of composite materials, where the ratio of cement and clay is 2:1, have the 
maximum strength. It’s explained by the hydraulic activity of cement, which in this composition is contained in 
large amounts. Therefore, the structure of this composite is made of calcium silicate hydrates and consolidated 
with the help of clay. That’s why we recommend this ratio of raw materials in order to get a solid base. 
Table 5. Results of determining the fluidity of mixtures in case of different ratios of raw materials 
No. Cem:C dɫɪ S:CemC dɫɪ
1 1:2 16,85 1:6 16,5 
2 1:1,33 20,35 1:3,5 18,7 
3 1:1,67 16,35 1:2,67 16,4 
4 1:4 13,4 1:2,5 12,45 
5 1:1 16,35 1:3 17,6 
6 1:1,5 19,0 1:4 18,1 
7 1:3 14,6 1:5 16,1 
8 2:1 19,1 1:2 19,6 
Table 6. Matrix of two-factor experiment and the response results 
ɏ1 (Cem:C) ɏ2 (S:Cem+C) Responses (ɍ) 
Code value Physical value Code value Physical value dɫɪ 
-1 1 -1 2 19,6 
0 2,5 0 4 17,6 
1 4 1 6 16,1 
-1 1 0 4 18,1 
0 2,5 -1 2 16,4 
1 4 -1 2 12,5 
-1 1 1 6 16,7 
0 2,5 1 6 16,5 
1 4 0 4 18,7 
 
As it’s clear from the charts of the ultimate compressive strength in different hardening periods by decreasing 
the amount of clay in compositions of composite materials (S:Cem+C ratio should be 1:3), relative to the mass of a 
binding material the ultimate compressive strength increases. It’s explained by the fact that a main active element 
of the structure of this composite material is concrete, and it has the hydration activity and influences structure 
formation processes of the composite material. 
Therefore, clay plays a subordinate role in evaluation of the quality of a formed structure of this hardening 
system of initial materials. It only consolidates the structure of a composite material, which should reduce water 
permeability of these compositions.  
The analysis of obtained results included a mathematical processing of the study results in order to get values of 
the second degree polynomial coefficients [22]. 
The mathematical processing result is dependence of the ultimate strength of composites on the ratios C:Cem 
and S:Cem+C in the form of a regression equation: 
2 2
0 1 2 11 12 22( , ) ,M x y b b x b y b x b x y b y              (1) 
where b0…b22 –calculated coefficients of a model; x, y – values of varied factors. 
As a result of processing we have received the following dependencies: 
1514   D.V. Ulrikh and M.D. Butakova /  Procedia Engineering  150 ( 2016 )  1510 – 1515 
2 2( , ) 7,022-1,167 0,45 0,633 1,075 1,883M x y x y x x y y             (2) 
 
Table 7. Ultimate compressive strength within different time periods of hardening in case of various ratios of mixtures 
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1:2 5,6 8,3 11,5 10,15 1:6 4,6 7,02 10,9 11,4 
1:1,33 8,2 11,1 13,45 14,6 1:3,5 6,9 9,7 13,75 14,9 
1:1,67 6,45 9,7 12,1 12 1:2,67 5,4 9,0 11,13 12 
1:4 2,95 4,4 5,2 6,08 1:2,5 1,9 3,4 5,63 5,8 
1:1 8,65 14,95 17,6 19,5 1:3 7,3 12,9 19,3 19,6 
1:1,5 5,95 9,45 11,15 12,1 1:4 5,6 8,25 12,8 14,8 
1:3 3,95 6,05 7,9 8,1 1:5 3,1 4 6,5 7,4 
2:1 13,05 19,45 22,05 26,0 1:2 8,2 16,5 22,1 25,1 
Table 8. Matrix of the results of determining the ultimate compressive strength in different hardening periods 
ɏ1 (Cem:C) ɏ2 (S:Cem+C) Responses (ɍ) 
Code value Physical value  Code value Physical value R 3 days R 7 days R 21 days R 28 days 
-1 1 -1 2 8,2 16,5 22,1 25,1 
0 2,5 0 4 7,3 12,9 19,3 19,6 
1 4 1 6 3,1 4 6,5 7,4 
-1 1 0 4 5,6 8,25 12,8 14,8 
0 2,5 -1 2 5,4 9 11,13 12 
1 4 -1 2 1,9 3,4 5,63 5,8 
-1 1 1 6 5,1 8,5 11,2 11,8 
0 2,5 1 6 4,6 7,02 10,9 11,4 
1 4 0 4 6,9 9,7 13,75 14,9 
 
Equation (2) ultimate strength of composites on the basis of slag, cement and clay at 3 days. 
2 2( , ) 11,22-2,842 1,713 1,398 1,925 2,363M x y x y x x y y             (3) 
Equation (3) ultimate strength of composites on the basis of slag, cement and clay at 7 days. 
2 2( , ) 16,33-3,395 1,488 1,595 2,667 3,845M x y x y x x y y             (4) 
Equation (4) ultimate strength of composites on the basis of slag, cement and clay at 21 days. 
2 2( , ) 17,16-3,925 2,05 1,042 3,725 4,22M x y x y x x y y             (5) 
Equation (5) ultimate strength of composites on the basis of slag, cement and clay at 28 days. 
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The obtained regression equations enable one to predict the compression strength of composite materials in 
different hardening periods in terms of different consumption of raw materials in the range covered. The Fisher 
coefficient is 3,65…3,95 and doesn’t exceed 4,3, which indicates the importance of the obtained dependencies. 
In the course of evaluation of the degree of capillary suction with the help of obtained composites it’s been 
determined that on the basis of two-component mixtures, namely cement and clay, compositions, where the ratio is 
2:1, has the minimum depth of capillary suction. But at the end of testing these compositions got completely 
“soaked”, that’s why they can’t be recommended as barriers for ground, storm and melted waters.  
In case of evaluation of the capillary suction by three-component composites it’s been specified that 
compositions, where the ratio of slag : clay+cement is 1:4, have the minimum height of water along capillaries and 
pores. Moreover, the ratio of clay and cement of this mix should be 1:1,5 or 2:1. It’s explained by a large share of 
slag, which has a porous structure and can accumulate the water coming from the environment. Then, the water 
will create favorable conditions for further development of strength by cement, which as it’s been described above 
is a main active element of the structure of this type of composite. To get a protective layer from the obtained 
composite material, which restrains the groundwater discharge, storm and melted waters, the thickness of this 
material should be no less than 15 cm while laying it on the surface of tailing dumps. 
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